Objectives: The prevalence of chronic low back pain (CLBP) increases with age and several mechanisms are involved in the development of CLBP, including osteoporosis; however, no associations with sarcopenia have yet been identified. Methods: In total, 100 patients with CLBP and 560 patients without CLBP (nCLBP) aged over 65 years were studied. Skeletal muscle mass index (SMI) and percentage of body fat were evaluated using wholebody dual-energy X-ray absorptiometry. Sarcopenia was diagnosed when the relative SMI was more than 2 standard deviations below the mean in young adults. Thus, the cutoff value for sarcopenia was defined according to Sanada's Japanese population data. Paraspinal muscle cross-sectional areas of the lumbar multifidus and the erector spinae muscles were calculated using magnetic resonance imaging. Results: Forty patients (40.0%) from the CLBP group and 149 (26.6%) from the nCLBP group met the criteria of sarcopenia. SMI was significantly lower and the body fat ratio was significantly higher in the CLBP group compared with the nCLBP group. Sarcopenic obesity was significantly observed in the CLBP group. Lumbar multifidus and the erector spinae muscle cross sectional area were significantly lower in the CLBP group. Conclusions: Elderly patients with CLBP have significantly lower skeletal muscle mass, and age-related mechanisms in sarcopenia are considered to be associated with chronic pain. Therapeutic procedures that are used to treat elderly aging muscle, including muscle strengthening and performance training, can possibly be a treatment for or used to prevent elderly CLBP.
Introduction
The neologisms sarcopenia, meaning "loss of flesh," was first described in 1989 to refer to the age-related involuntary loss of skeletal muscle mass and function [1] . Since then, the concept of sarcopenia has become widely accepted and used in the field of gerontology to identify physical, metabolic, and functional impairment in elderly persons. Baumgartner et al. [2] summed the muscle masses of the 4 limbs from a dual-energy X-ray absorptiometry (DXA) scan to determine the appendicular skeletal muscle mass (ASM). They then defined a skeletal muscle mass index (SMI) as ASM/height 2 (kg/m 2 ), and proposed cutoff points of AMI by sex.
The age-and sex-adjusted prevalence of sarcopenia increased from 13% to 24% in persons under 70 years of age to >50% in person over 80 years of age and was associated with physical disability in both men and women [2] . Sarcopenia is characterized by the atrophy of type II muscle fibers and a loss of satellite cell content in type II fibers [3] . Several mechanisms underlying the development of sarcopenia have been proposed, such as insulin-like growth factor-1 [4] mediated promotion of the proliferation of muscle satellite cells, inflammatory cytokine including tumor necrosis factor-alpha (TNF-a) [5] , and interleukin (IL) [6] , chronic low grade inflammation induced by oxidative stress [7] , anabolic hormones [8] , including testosterone, estrogen, and growth hormone. Thus, sarcopenia is a multidimensional phenomenon of ageing influenced by systemic molecular mechanisms rather than by local reactions. Given the expected rise in the number of elderly people, several researchers have sought to elucidate the mechanism of sarcopenia and develop effective targeted interventions. The prevalence of chronic low back pain (CLBP) increases with age and more than 1 in 3 community-dwelling older adults experience low back pain (LBP) [9] . This demonstrates one of the most disabling and therapeutic challenges afflicting older adults [10] . Most elderly patients with CLBP are diagnosed with "nonspecific LBP," often resulting in clinically heterogeneous and multifactorial complications. Several mechanisms may be involved in the development of LBP, including direct lesions of the lumbar vertebra, spinal mechanics, facet joints, and paravertebral muscles; however, correlation between radiographic findings and clinical symptoms is reportedly poor [11] . Conversely, mechanisms of LBP in patients with osteoporosis, which include an age-related reduction of bone mass and mineral density, have been investigated. Recently, acid-sensing ion channels and transient receptor potential channel vanilloid subfamily member 1 were found to be expressed in the sensory neuron innervating bone [12] . These receptors elicit pain signals upon activation by acid, causing bone pain [13] . Furthermore, osteoporosis modifies the 5-HT receptor to exhibit hyperalgesia due to the contribution of the serotonergic system [14] . Thus, osteoporosis medication, such as calcitonin [15] , selective estrogen receptor modulator [16] , and bisphosphonate [17] , were reported to reduce osteoporotic pain. Recently, sarcopenia was also observed to occur with increasing age and may cause pain [18, 19] ; therefore, systemic aging changes as causing chronic pain have clinical implications. The primary purpose of this study was to examine differences in the appearance of sarcopenia as an age-related systemic change in older adults with CLBP, and to evaluate the relationship between the age-associated loss of skeletal muscle mass and chronic pain.
Methods
This prospective study was conducted with a series of 100 patients with CLBP who had no symptoms in the lower extremities, were aged 65 years or older, and exhibit moderate to severe LBP persisting for a minimum of 3 months prior to treatment in the outpatient department of orthopedic surgery of our hospital between 2011 and 2015. All patients completed visual analogue scales (VAS; 0e10) for LBP and a validated Japanese version of the Roland Morris Disability Questionnaire (RDQ). As control subjects, 560 consecutive patients without CLBP (nCLBP) who visited our institute for the treatment of lumbar spinal stenosis with intermittent claudication, and/or numbness of lower extremities were recruited during the same period. Patients with motor weakness of the lower extremities and a history of spinal infection, spinal tumor, vertebral fractures or previous back surgery, were excluded. Ethical approval was granted by the Institutional Review Board and all patients provided written informed consent (approval number: 433).
Trunk muscle power measurement
Back and abdominal muscle strength was determined from the maximum isometric strength of the trunk muscles in a sitting posture with 30 lumbar extension (back muscle strength) or 30 lumbar flexion (abdominal muscle strength) using a digital muscle strength meter (Isoforce GT-300, 310; OG GIKEN Co., Ltd., Okayama, Japan).
X-ray image analysis
Antero-posterior and lateral X-ray images of the spine were obtained. The lumbar scoliosis and lordosis angle using Cobb method between the superior edge of L1 and S1, S1 inclination angle, the presence of spondylolisthesis (anterior slip > 4 mm), and the lumbar range of motion, which was defined as the difference in lumbar lordosis angle between flexion and extension, were measured.
Magnetic resonance image analysis
Axial T2-weighted slices at L1/2 and L4/5 were obtained to measure the cross-sectional area of the lumbar multifidus and the erector spinae muscles for each level. Paraspinal muscle crosssectional areas for both the right and left side were added together for each subject. Vertebral endplate degeneration was evaluated according to Modic change [20] . Fat infiltration in the lumbar multifidus was evaluated according to the Kjaer classification [21] .
Body composition study
Body composition was assessed using a whole-body DXA (Lunar iDXA, GE Healthcare, Tokyo, Japan). Whole body scans provided total lean body mass, total fat mass, and total body bone mineral content. Sarcopenia was defined as the loss of skeletal muscle mass of the arms and legs as appendicular lean mass, and SMI was obtained from ASM/height 2 (kg/m 2 ) [2] . Sarcopenia was considered to be present when a patients exhibit a relative SMI that was more than 2 standard deviations below the mean of young adults. Thus, the cutoff value for sarcopenia was defined according to Sanada's Japanese population data [22] (<6.87 kg/m 2 for men and <5.46 kg/ m 2 for women). Sarcopenic obesity is the imbalance in muscle and fat mass, a combination of decreased SMI and increase fat in the elderly. The cutoff value was 28% body fat for men and 40% for women [23] . Based on the combination of sarcopenia and obesity cutoff values, subjects were classified into 4 groups: sarcopenic obesity, nonsarcopenic obesity, sarcopenic nonobesity, and nonsarcopenic nonobesity [23] .
Statistics
The statistical analyses were performed using SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA). All data are expressed as the mean ± standard deviation. A comparison between the 2 treatment groups was conducted using the t-test and chi-square test. A Pvalue less than 0.05 was assumed to indicate a statistically significant difference.
Results
There were no substantial statistical differences in the baseline characteristics between the two study groups for age, sex, height. Body weight in the CLBP group was significantly lower, while body mass index was similar. There were no significant differences in trunk muscle strength, including lumbar extension and flexion, between the 2 groups. VAS and RDQ in the CLBP group were 6.5 and 16.9, respectively, with significant differences. There were no significant differences in radiographic findings, including lumbar lordosis, range of motion, sacral inclination angle, and presence of spondylolisthesis (Table 1 ). There were 189 cases (28.6%) in total that met the criteria of sarcopenia. Of these cases, 40 (40.0%) were from the CLBP group and 149 (26.6%) were from the nCLBP group. There were significant differences between the 2 groups (P < 0.01). Sarcopenic obesity was also significantly observed in the CLBP group (P < 0.05) (Fig. 1) . SMI was significantly lower, while the body fat ratio was significantly higher in the CLBP group, compared with the nCLBP group both in male and female. Conversely, the bone mineral density (BMD) was similar in both groups. Paraspinal muscle cross sectional areas, including the lumbar multifidus and the erector spinae muscles at levels L1/2 and L4/5 were significantly lower in the CLBP group compared with the nCLBP group except for the L4/5 erector spinae muscle in male patient ( Table 2 ). The distribution of Modic change was insignificant between the 2 groups (Fig. 2) ; however, multifidus degeneration using the Kjaer classification was significantly higher in the CLBP group compared with the nCLBP group (P < 0.01) (Fig. 3) . A correlation between VAS and SMI was not identified.
Discussion
This study demonstrated that elderly patients with CLBP had a significantly lower skeletal muscle mass rather than BMD, and a higher percentage of body fat in whole-body DXA analysis. The prevalence of sarcopenia defined as SMI has been reported to be 19.0% in men and 14.3% in women [24] , while sarcopenic obesity occurs in 5%e10% of patients [25, 26] . Thus, our observations that sarcopenia occurred in 40% of patients and sarcopenic obesity occurred in 27% of patients are considered to be large. Age-related muscle mass loss and fat degeneration suggested a possible Fig. 1 . Sarcopenia and sarcopenic obesity in CLBP. Prevalence of sarcopenia (A) and sarcopenic obesity (B) were shown. There were significantly more CLBP patients with sarcopenia and sarcopenic obesity. CLBP, chronic low back pain; nCLBP, nonchronic low back pain. Values are presented as mean ± standard deviation. CLBP, chronic low back pain; nCLBP, nonchronic low back pain; SMI, skeletal muscle mass index; BMD, bone mineral density; YAM, young adult mean; CSA, cross sectional area.
influence on elderly CLBP. Since both muscle and bone decrease with age and a positive correlation between skeletal muscle and BMD has been reported [27] , sarcopenia and osteoporosis may share etiological factors. There have been several studies regarding osteoporosis-associated skeletal pain. Our study observed that elderly CLBP correlated with skeletal muscle mass, but not with BMD, which supports our conclusion that age-related muscle loss (namely sarcopenia) is involved in elderly chronic pain without vertebral fracture. While trunk muscle atrophy (particularly in the lumbar multifidus) was previously identified as the cause of CLBP [28] , evidence for fiber-type differentiation based on the presence of LBP is inconclusive [29] . Disuse, muscle denervation, and reflex inhibition have been proposed as possible mechanisms for muscle atrophy in patients with LBP [30] . As a cause of LBP, the evidence that morphological changes in trunk muscles may cause CLBP appears unsubstantiated. Local muscular changes seem to be a result of LBP rather than a cause, while decreased trunk muscle is likely implicated in recurrent LBP [31] . Since age-related muscle loss occurs in type II fibers [3] , sarcopenic changes in trunk muscles, which contain abundant type I fibers compared with the extremities, are known to manifest more slowly compared with the limbs [32] . The present study demonstrated that the cross-sectional area of posterior trunk muscle was reduced in elderly patients with CLBP. However, no significant differences were seen in trunk muscle power. Thus, age-related trunk muscle atrophy may not be proposed as the cause of CLBP. Rather, CLBP occurs in older adults that have heterogeneous and multifactorial complications and that it should be treated as a systemic disorder rather than as a local dysfunction. Sarcopenic pain has recently been shown to be correlated with fibromyalgia syndrome [18] and joint pain [19] ; however, no previous study associated sarcopenia and CLBP. Although the relevance of sarcopenic mechanisms to age-related pain is unclear, chronic inflammation is potentially related to chronic pain. Not confined to sarcopenia, systemic low-grade inflammation, also called "inflamm-aging," has been largely recognized as a feature of the aging process. Increased pro-inflammatory cytokines, such as IL-1, IL-6, and TNF-a, act synergistically to promote the loss of muscle mass and function [33] , and is referred to as sarcopenic obesity [34] . Inflammation signals are associated with muscle wasting, including sarcopenia and cachexia, and several studies have demonstrated an independent association of IL-6 with lower muscle mass. IL-6 can directly induce skeletal muscle atrophy, while treatment with an IL-6 receptor antibody was shown to inhibit muscle atrophy [6] . Additionally, the present study demonstrated an association between CLBP and fat mass. As is the case with sarcopenia, aging inflammation has been reported to be responsible for obesity in a manner that is similar to the relationship between sarcopenia obesity and inflammatory cytokine expression [35] . The vicious cycle that links inflammation and fat accumulation in aging is referred to as geriatric syndrome [36] . Similarly, inflammatory cytokines have been studied for their role in LBP. Several studies regarding increased plasma levels of TNF-a and IL-6 in patients with CLBP [37, 38] have reported that high serum IL-6 levels are associated with recovery in LBP [39] . Additionally, intradiscal administration of a TNF-a inhibitor has been used to treat discogenic LBP [40] . Thus, patients with age-related loss of muscle mass may have a higher perception of pain sensing.
The present study has several limitations, one of which is its cross-sectional nature. A longitudinal prospective study is necessary to establish sarcopenic pain, which is provoked and/or exacerbated chronic pain that is caused by an age-related loss of skeletal muscle mass. Furthermore, control subjects recruited in this study were not healthy individuals. While patients without CLBP were selected, they had degenerative lumbar spinal tissue that had the potential to be responsible for LBP. The lack of skeletal muscle evaluation, including grasping force and walking speed did not meet the criteria of sarcopenia.
Conclusions
Elderly patients with CLBP have significantly lower skeletal muscle mass, while age-related mechanisms in sarcopenia are considered to be associated with chronic pain.
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